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Description 

Improved Steel Tooth Bit With A Bl-Metalllc Cage 



Hardfacinp: 

Technical Field 

^his invention relates to improvement in earth 
boring tools , especially steel tooth bits that use 
hardf acing containing carbide particles to enhance wear 
resistance . 



BftffXgjfpwnd Art 



the earliest rolling cutter, earth boring bits had 
teeth [machined integrally from steel, conicelly shaped, 
earth j disintegrating cutters. These bits, commonly 
15 known! as * steel-tooth H or M mill-tooth - bits, are 
typically used for penetrating the relatively soft 
geological formations of the earth* The strength and 
fracttkre-toughness of the steel teeth permits the 
effective use of relatively long teeth, which enables 
20 the aggressive gouging and scraping action that is 
advantageous for rapid penetration of soft formations 
with |ov compressive strengths* 

I^ovever, it is rare that geological formations 
consist entirely of soft material with low compressive 
25 strength. Often, there are streaks of hard, abrasive 
materials that a steel tooth bit should penetrate 
economically without damage to the bit* 

Although steel teeth possess good strength, 
abrasion resistance is inadequate to permit continued 
30 rapid penetration of hard or abrasive streaks* 
Consequently, it has been common in the art since at 
least | the early 1930' s to provide a layer of wear 
resistant metallurgical material called "hardf acing" 
over those portions of the teeth exposed to the severest 
35 wear* j The hardf acing typically consists of extremely 



hard particles, such as »interod, cast or 
macrocrystalline tungsten carbida dispersed in a .teal 
matrix, such hardfacing materials are applied by 
welding a metallic matrix to tha surfaca to ba hardf acad 
and applying bard particlaa. usually tungsten carbida, 
to tha molten matrix to form a homogeneous dispersion of 
hard particles in tha matrix. Tha particles are much 
harder than the matrix but more brittle. The mixture of 
hard particles with a softer but tougher steal matrix is 
a synergistic combination that produces a good 

hardfacing. , 

There have baen a variety of differing hardfacing 
materials and patterns, including special tooth 
configurations, to improve wear resistance or provide 
self sharpening. An example of a special groove to 
achieve a deeper deposit and a dual application of 
hardfacing, one on the crest and another in the groove, 
i. shown in U.S. patent Ho. 3,6*0,405. A recent 
invention to increase the durability of teeth with a 
geometric alteration to the corners of the crests is 
disclosed in patent application serial number 
067076,716, "Earth Boring Bit Having an Improved Hard- 
Faced Tooth Structure", filed June 14, 1993, now U.S 

patent Ho. ^ ^ erB o£ hardf acings, 

including an underlying layer of cast tungsten carbide 
applied with the "sweat-on- method and an upper layer 
applied with the oxy-acatylene or atomic hydrogen torch 
method is shown in U.S. patent Ho. 3,260,579. An 
example of the use of dual particle sises of tungsten 
carbide in a hardfacing to achieve self sharpening is 
disclosed in U.6. patent Ho. 4,726,432. 

There are in general three basic types of tungsten 
carbida: (1) cast, (2> macrocrystalline and (3) cemented 
sintered. All three have been used on earth boring 



or 
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tools! including the gage surfaces of rolling cutter 
drill bits. 

Tungsten is capable of forming two carbides, wc and 
WjC, and cast carbide 1« typically a mixture of these 
5 compounds. The cast carbides are frozen from the no 1 ten 
state | and comminuted to selected particle sizes. 

Macrocrystalline tungsten carbide is essentially 
stoichiometric WC usually in the form of single 
crystals. It is generally tougher and more stable that 
10 the cast tungsten carbides, which tend to be brittle and 
fracture more easily , especially as the supporting steel 
matrij|c abrades or erodes* 

Wintered or cemented tungsten carbide consists of 
small particles of tungsten carbide, usually in the 
15 range of 1 to 15 microns bonded in a "binder" selected 
from the iron group metal of cobalt, nicXel and iron, 
commonly cobalt* Tungsten carbide particles and a 
powder of cobalt are mixed f pressed and sintered near 
the jaklting temperature of the cobalt. The resulting 
20 mass j is comminuted to form particles used for 
hardf&cing. 

Since the quest for improved wear resistance of 
drill bits has been essentially uninterrupted since the 
1930' s, there are numerous metallurgical mixtures or 

25 compositions that coordinate the type of carbide , 
particle size and matrix composition. The gage surface 
of a rolling cutter bit constantly rubs against the vail 
of the borehole and is often exposed to extremely 
abrasive wear. Consequently, the search for improvements 

30 in hajrdfacing often focuses on the gage surface. A 
mixture of sintered and single crystal monotungsten 
carbiae particles in an alloy steel matrix is disclosed 
in U.S. patent Ho. 4,836,307 as one improved hardfacing 
for gage surfaces. A dispersion of more or less 

35 homogeneous sintered tungsten carbide particles is an 



alloy steel matrix is disclosed in U.S. patent Mo. 
3,800,891. Nor has the search been limited to 
compositions and mixtures of tungsten, because it is 
know that other carbides such as titanium, are suitable 
in hardfacing composition*. 

One of the most detrimental wear characteristics of 
steel tooth earth boring bits is the -breakdown- of the 
heel row teeth at the end of the crest near gage. This 
•breakdown- cauces the teeth to round from the 
originally manufacture* sharp condition, which lowers 
the rate of penetration (ROP) of a drill bit, requiring 
more work by the other teeth and shortening the life of 
the bearings that support the rotatable cutters. There 
has long been a need for significant improvements in 
maintaining the tooth geometry of the heel row teeth at 
the comer, of the teeth near gage. This is the primary 
problem that is the focus of the following invention 
even though it has greater utility. 

I tl nrtftr"-* af Tnventlpn 

It is a general object of this invention to provide 
an earth-boring tool with more durable gage hardfacing. 

This and other objects of this invention are 
achieved by providing in an otherwise conventional earth 
boring bit at least one cutter having a first hardfacing 
composition of carbide particles selected from the group 
consisting of cast and macrocrystalline tungsten carbide 
dispersed in a steel matrix deposited on the gage 
surface of at least some of the heel row teeth. Thus, 
a substantial portion of the particles of this 
composition are characterised by a high level of 
abrasion resistance and a lower level of fracture 
resistance. A second hardfacing composition of softer 
but lees brittle carbide particles is selected 
preferably from the group consisting of spherical. 
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sinterjed and cut tungsten carbide is dispersed in a 
steal matrix deposit ad over the erect of the teeth and 
an upper portion of the end or gage surface adjacent the 
craat that tends to round during drilling. A 
substantial portion of the particles of this composition 
are characterized by a high level of fracture resistance 
and a lover level of abrasion resistance. 

Other objects, features , and advantages of this 
Invention vill become apparent to those of ordinary 
sXill in the art in view of the following description* 



Description of the Drawings 



35 



Figure 1 is a perspective view of a prior art earth 
boring bit of the steel tooth type with which the 
invention is utilized. 

figures 2 and 3 are respectively a fragmentary side 
elevation view and a fragmentary inner end view of one 
tooth in a heel row of teeth, showing the deposits of 
hardfaclng material in a prior art pattern. 

figures 4 and 5 are respectively a fragmentary side 
elevation view and a fragmentary inner end view of one 
tooth in a heel row of teeth, showing the deposits of 
hardfaclng material according to the present 
invent ion* 

i 

Description of the Invention 

Referring now to Figure 1, a prior art earth boring 
bit IX, modified according to the present invention, is 
depicted. Earth-boring bit XI includes a bit body 13 
having threads IS at its upper extent for connecting bit 
XX intjo a drillstring (not shown) . Each leg of bit XX 
is provided with a lubricant compensator 17. At least 
one nozzle 19 is provided in bit body 13 for directing 
pressvlrized drilling fluid from within the drill string 
and bit against the bottom of the borehole* 
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Th. cutters, generally three (one of which i. 
obBC ured fro. view in Figure x) , u. a3 ere rof tably 
..cured to a respective leg of bit body 13. A plurality 
of teeth 2S ara arrange in generally circumferential 
row. on cuturs 21, », being integrally formed on the 
cutters, usually by machining. 

I„ Figures 2 and 3 is illustrated a heel tooth 27 
in a heel row 29 (see Figure 1, in the cutter 21 of 
Figure 1 end a prior art hardf.cing pattern. Tooth 27 
i. formed with a Billing cutter forming a root 31 and a 
configuration to for» flanks 33. 35 and a crest 37 that 
extend, longitudinally of the rotational axis 39 of the 
cutter. A gag. surface 41 is defined by a ground 
deposit of a first hardf.cing composition 43. The 
flanks of the tooth 27 includes a deposit of a second 
hardfacing exposition 45 that extends over the ^ crest 
37 The inner and outer ends of the tooth 27 are 
notched at 47, 49 as explained in application serial no. 
Oft/076.716, filed June 14. 1993. now U.S. Patent Ho. 

iTFigure. 4 and 5 is illustrated a heel tooth 51 

having the geometrical configuration as tooth ^27 of 
Figure. 2 and 3. except tor the pattern of the 
harofacing. Here, the gag. or first hardfacing 
composition 53 adjoins by the second or f lank and crest 
hardfacing 55 that extend, over the crest and 
past the corner 57 that engages th. corner (not shown) 
oT the borehole between the wall and bottom. 
Freterebiy, the second hardfacing co-position extends 
about one third the tooth height and in this instance 
also covers the flank 59, 61. 

The first hardfacing exposition 53 contains 
particle, selected from th. group consisting of cast and 
macrocryetalline tungsten carbide dispersed in a steel 
matrix deposited on the gage surface of the heel row 
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Thus, a substantial portion of the particles of 
composition are characterized by a high level of 
resistance and a lover level of fracture 
The second hardfacing composition 55 
carbide particles selected from the group 
consisting of spherical, sintered and cast tungsten 
dispersed in a steel matrix deposited over at 
the crest and an upper portion of the gage surface 
adjacint the corner of crest that tends to round during 
A substantial portion of the particles of 
composition are characterised by a high level of 
fracture resistance and a lover level of abrasion 
resist ance. 

Sxaaple of the first and second hardfacings 
fully used in earth drilling bits is as follows: 



EXXMPLS 



iLe second hardfacing composition 53 , characterized 
20 by a high level of abrasion resistance and a lower level 
of fracture resistance contained macrocrystalline 
tungsten carbide particles of 60 - 80 mesh a pplied in a 
mild alteel 3/16 inch tube by oxyacetylene welding. The 
percent by weight of the tungsten carbide particles is 

25 ty picajlly 70% of the de posit. ~ — 

t first hardfacing composition 55, contained a 
mixture of cemented tungsten carbide (Bp ^reflNpf 16^30 
mesh and particles of crushed cemented tungsten carbide 
oz 20 r 30 mean and crushed cast tungsten carbide o f 60 
Lash. The percent by veight of the above three 



- 80 



tungstjen carbide particles in the rod is respectively 
66, lk and 15%. The rod contained deoxidizer of 
silicOmanganese of about four percent and niobium of 
less tjhan one percent. 
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The initial deposit was of hardfacing 55, was 
applied to the gaga teeth of a Hughes christensen 9-7/8 
inch ATJ-1S™ following by deposit of hardfacing 53. A 
final deposit of the 53 hardfacing is generally made 
over the entire gage to assure sufficient thickness for 
the gage grinding operation. The gage surface was 
ground to the first gage di.en.ion and the final deposit 
of 53 removed except for low areas to produce depth of 
hardfacing 53, 55 from 0.090 to 0.120 inch. 

X 9-7/8 inch ATJ-1S™ test bit having hardfacing on 
..lacted heel teeth as disclosed above showed superior 
resistance to gage rounding and maintenance of tooth 
sharpness. 

while the invention has been shown in only one of 
15 I its preferred embodiments, it is thus not limited but is 
! .usceptible to variation and modification without 
I departure from the spirit thereof. 
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Claims 

improved earth-boring bit comprising: 
bit body; 

least one earth disintegrating cutter, generally 
shaped , rotatably secured to the bit body, the 
having a plurality of teeth integrally rormed 
each ox the teeth including ends, flanks , and 
connecting the ends and flanks; 
outermost row of teeth defining a heel row to 
earth at the corner of the borehole, the 
ends of the teeth forming a conical, usually 
gage surface that engages the wall of the 



the crest of at least some the heel row teeth 
a corner with an associated gage surface to 
the corner of the borehole; 

first hardf acing composition of carbide particles 
in a metallic matrix deposited on the gage 
of at least soma of the heel row teeth, a 
portion of the particles of this composition 
by a high level of abrasion resistance and 
level of fracture resistance; 
second hardf acing composition of carbide 
dispersed in a metallic matrix deposited over 
the crest and an upper portion of a selected 
down the gage surface adjacent the crest that 
to round during drilling, a substantial portion of 
plarticlee of this composition characterized by a 
level of fracture resistance and a lover level of 
resistance* 
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the invention of claim 1 wherein the carbide 
particles of the first hardf acing composition are 
■elected frov the group consisting of cast, 
macrocrystalline tungsten carbide and mixtures thereof. 



3. The invention of claim 2 wherein the second 
hardfacing composition is selected from the group 
consisting of sintered tungsten carbide, cast tungsten 
carbide and mixtures thereof. 

4. The invention of claim 3 wherein the carbide 
particles of the second hardf acing composition comprise 
essentially sintered tungsten carbide. 

5. The invention of claim 1 wherein the carbide 
particles of the first hardfacing composition are 
macrocrystalline tungsten carbide having a 
preapplication mesh sis- in a range of about 40 to 80. 

6. The invention of claim 3 wherein the carbide 
particles of the second hardfacing composition comprise 
sintered tungsten carbide having a pre-application mesh 
sise of 1« to 30. 

7. The invention of claim 3 wherein the carbide 
particles comprise spherical sintered tungsten carbide 
having a mesh size in the range of 16 to 30 and cast 
particles having a mesh size in the range of 40 to 80. 



8. An improved earth-boring bit substantially as hi 
described with reference to the accompanying drawings. 
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